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(54) FLAT HEAT PIPE AND ITS MACHINING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a flat heat pipe, and its machining method, 
in which deformation or positional shift of a wick can be minimized even when the 
heat pipe is deformed. 

SOLUTION: In the flat heat pipe provided with a groove wick on the inner wall of a 
container having flat cross-section, at least one auxiliary linear wick extending in 
the axial direction is provided on each inner inside of the flat cross-section in the 
lateral direction. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The flat-like heat pipe which has arranged each at least one linear 
auxiliary wick to which the cross-section configuration of the container concerned 
is extended to shaft orientations inside both cross direction of a flat cross section 
in a flat-like heat pipe while having the groove wick in the wall of a container. 
[Claim 2] The flat-like heat pipe of claim 1 whose auxiliary wicks the channel 
depths of a groove wick are 0.12mm thru/or 0.17mm, the average width of face of 
a slot is 0.1mm thru/or 0.2mm, and are 0.1mm of wire sizes, and 0.6mm. 
[Claim 3] The processing approach of the flat-like heat pipe crashed so that may 
carry out optimum dose enclosure of the working fluid, and a heat pipe may be 
completed inside [ which has a groove wick in a wall ] a tubular container after 
fixing at least two linear auxiliary wicks to the location which carries out 
abbreviation relativity, deformation processing, such as bending, might be 
performed inside as occasion demands after that and an auxiliary wick might be 
located in it at the both sides of a flat cross section. 

[Claim 4] a groove wick — a line — the processing approach of the flat-like heat 
pipe of claim 3 which was made to bite a wick by press working of sheet metal, 
and was fixed. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to that processing approach 
excellent also in the performance degradation prevention structure by thin-shape- 
izing of a flat-like heat pipe, and deformation processing, such as bending. 
[0002] 

[Description of the Prior Art] Although the power consumption by the heat pipe 
having used for cooling of the main parts of portable electronic devices, such as a 
notebook computer, and ********** having raised the drive frequency for the 
improvement in the engine performance of the above-mentioned electronic 
equipment to it in recent years is going up, the demand of the formation of thin 



lightweight is remarkable, and the above-mentioned heat pipe has changed for 
implementation of this demand, without dropping the amount of heat transport so 
that thin and various bending may be required also compared with the former. 
[0003] 

[Problem(s) to be Solved by the Invention] However, it was difficult for the 
conventional general-purpose heat pipe to obtain the flat heat pipe with a 
thickness of 1.5mm or less with which the amount of heat transport demanded in 
recent years has more than 10W, mainly since the whole surface of a body wall 
consists of a groove wick and a mesh wick. 

[0004] It is because the limitation that a reflux working fluid disperses by the 
actuation steamy style of a heat pipe since the height of a steamy path changes 
with about 0.6mm will come early if the channel depth of a groove wick and the 
thickness of a mesh wick are usually required for about 0.15mm and container 
thickness sets the reason to about 0.3mm, in order to hold the amount of heat 
transport beyond 10W. 

[0005] The above-mentioned scattering marginal problem has the remarkable 
groove wick which has a reverse parabolic edge section inevitably. On the other 
hand, it is easy to generate the slack of the wick by flattening, and the problem 
which takes up a steamy path with deformation by the buckling of a wick etc. 
produces a mesh wick by bending. 

[0006] As for the fundamental structure of the heat pipe which solves the 
technical problem of the general-purpose heat pipe of these former, the applicant 
concerned has already invented and offered the approach in which the heat pipe 
which is less than 1mm thickness is also possible by arranging a wick near the 
center of the cross direction of container cavernous circles in a flat heat pipe with 
patent No. 3045491, the Patent Publication open No. 039276 [ 2000 to ], etc., 
maintaining the practical amount of heat transport. 

[0007] Although it meant that the heat pipe of the above-mentioned proposal 
performed flat processing of a container before being completed mainly to a heat 
pipe, it develops further, bending, or bending and flat processing can do a heat pipe 
with the wick arrangement according to the structure which was excellent in the 
heat pipe of the above-mentioned application after completing in the shape of 
direct with a pipe, and this invention has structure of the heat pipe greatly 
contributed to a cost reduction. 

[0008] A container with heat conduction good [ the structure of a common heat 
pipe ], such as copper and aluminum, Have wicks, such as a mesh, in the wall of 
this container, and dozens of% of container content volume is poured into the 
interior of this container for working fluids, such as water and a 
chlorofluorocarbon-replacing material, under reduced pressure. The working fluid 
of the part will carry out endoergic, the actuation will evaporate, if heat is given to 
the end section of a heat pipe, and the steam moves to an other end side, a steam 
radiates heat there, and it is condensed and serves as a liquid. This liquid will 
repeat the cycle which flows back to a part for a heating unit through a wick. 
[0009] Here, since evaporation of an actuation liquid also increases and heat can 



be carried to the condensation section in large quantities, if there are many 
heating values to give, if a fin etc. is attached to a radiator and heat release is 
increased, when a steamy flow rate increases, the amount of heat transport of a 
heat pipe will increase. 

[0010] However, since a working fluid will become easy to collect on a part for the 
variant part of a wick while it becomes impossible for a lifting and a steamy path 
to fully secure [ the wick in a container ] a buckling, location gap, etc. if 
deformation arises in a heat pipe, the reflux to a heating unit is barred. 
[001 1] Therefore, in order to take about the interior of various electronic 
equipment to arbitration, the heat pipe was bent, or the above-mentioned path 
became inadequate also by post processing of flattening, and the problem that the 
desired heat transport effectiveness is not acquired has produced the 
configuration of the wick of a heat pipe. 

[0012] In view of such a technical problem, even when this invention is made to 
transform a heat pipe, it aims at offering the flat-like heat pipe with which 
deformation and location gap of a wick are suppressed to the minimum, and its 
processing approach. 
[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the following means are used in this invention. That is, in claim 1, while 
having a groove wick in the wall of a container, the cross-section configuration of 
the container concerned considers as the flat-like heat pipe which has arranged 
each at least one linear auxiliary wick extended to shaft orientations inside both 
cross direction of a flat cross section in a flat-like heat pipe. 

[0014] In claim 2, it considers as the flat-like heat pipe of claim 1 whose auxiliary 
wicks the channel depths of a groove wick are 0.12mm thru/or 0.17mm, the 
average width of face of a slot is 0.1 mm thru/or 0.2mm, and are 0.1 mm of wire 
sizes, and 0.6mm. 

[0015] It considers as the processing approach of the flat-like heat pipe crashed 
so that may carry out optimum dose enclosure of the working fluid after fixing at 
least two linear auxiliary wicks to the location which carries out abbreviation 
relativity, and a heat pipe might be completed inside [ which has a groove wick in a 
wall ] a tubular container, deformation processing, such as bending, might be 
performed inside as occasion demands after that and an auxiliary wick might be 
located in it in claim 3 at the both sides of a flat cross section. 
[0016] claim 4 — setting — a groove wick — a line — it considers as the 
processing approach of the flat-like heat pipe of claim 3 which was made to bite a 
wick by press working of sheet metal, and was fixed. 
[0017] 

[Function] While having a groove wick in the wall of a container, when the cross- 
section configuration of the container concerned considers as the flat-like heat 
pipe which has arranged each at least one linear auxiliary wick extended to shaft 
orientations inside both cross direction of a flat cross section in a flat-like heat 
pipe, reflux of the working fluid of the center of a container which is a main steam 



path is made to shunt toward both sides by the auxiliary wick, and the scattering 
limitation is raised greatly. 

[0018] Moreover, the time of considering as the flat-like heat pipe of claim 1 
whose auxiliary wicks the channel depths of a groove wick are 0.12mm thru/or 
0.17mm, the average width of face of a slot is 0.1mm thru/or 0.2mm, and are 
0.1mm of wire sizes and 0.6mm showed the property excellent in the experiment of 
an applicant. 

[0019] moreover, a groove wick — a line — the above-mentioned processing can 
be easily performed by making a wick bite by press working of sheet metal, and 
fixing. 
[0020] 

[Example] Drawing 1 shows the sectional view of the flat-like heat pipe 100 of the 
example of this invention. In drawing 1 , the flat-like heat pipe 100 has the groove 
wick 2 which constituted the slot with a channel depth [ of 0.15mm ], and a width 
of face of 0.14mm from an equal pitch at about 50 pieces in the wall of the 
container 1 of the shape of flat [ which consists of width of face of 7mm, and 
about / thickness 1.5mm / copper ], and has the auxiliary wick 3 which consists of 
copper wire with an outer diameter of 0.4mm extended to shaft orientations inside 
[ both ] the flat cross direction. 

[0021] The interior of the flat-like heat pipe 100 concerned has enclosed the 
water which is the actuation liquid which fully buries the groove wick 2 whole 
under the condition decompressed although not illustrated. Therefore, when whole 
thickness which applied the slot height of the above-mentioned container 1 is set 
to 0.45mm, the space height used as a steamy path is 0.6mm. 

[0022] Next, actuation of the above-mentioned flat-like heat pipe 100 is explained 
in full detail, the working fluid which originally fills the groove wick of an upper part 
flat part since the linear wick used as the auxiliary wick 3 is in a crosswise edge, 
although a working fluid fills the groove wick 2 downward whole and it is 
distributing almost equally to shaft orientations in addition when it is in the 
condition which the flat-like heat pipe 100 whole levels a flat side, and places it, 
and does not not much have a temperature gradient in each part — the above — 
a line — it has gathered comparatively mostly near the wick 3. 
[0023] It condenses by being cooled and returns to a liquid at the same time it 
flows on another side of the low-temperature section which starts evaporation 
immediately and is not heating shaft orientations as well as the cross direction, 
since there is little actuation volume near the flat center section of the heated 
part when one side of the shaft orientations of the flat-like heat pipe 100 is 
heated from this static condition. 

[0024] A capillary tube pressure increases in response to heating being carried out 
[ above-mentioned ] and an evaporation pressure increasing, and as long as the 
liquid which carried out [ above-mentioned ] condensation has the temperature 
gradient of one side of a heating unit, and another side of the condensation 
section hereafter by flowing back into the part currently heated, heat transfer is 
performed actively. 



[0025] although the reflux actuation volume to which the working fluid near the flat 
center of a heating unit balances evaporation as it is only the groove wick 2 will be 
insufficient and it will become a dryout, if the sequential increment of the above 
and the heating heating value is carried out and it goes — a line — since reflux of 
an about three-wick working fluid is enough, the level of a crosswise working fluid 
serves as bottom-of-a-pan-like distribution. 

[0026] Moreover, it is bottom-of-a-pan-like distribution about distribution of the 
cross direction of a working fluid until it reaches to the condensation section 
which is not heating shaft orientations as well as [ almost ] the above-mentioned 
heating unit, the reason — the groove wick 2 — a line — it is constituted almost 
in parallel with shaft orientations with the wick 3, and the balance of the cross 
direction of the steam pressure of a heating unit and a capillary tube pressure is 
considered to be for not changing to the moderate die length of shaft orientations. 
[0027] consequently — although there are few working fluids which disperse by 
this steamy style and steamy path height is very as narrow as 0.6mm, since there 
is little actuation volume near [ concerned ] the part even if the vapor pressure 
near [ which is a main steam path ] a flat center section increases — a line — it 
improves sharply with about 10W from about [ in case there is no wick 3 ] amount 
of heat transport 3W. 

[0028] the above — a line, since they will make [ many ] the amount of wicks and 
also need to make [ many ] a working fluid along with it so that there are thickly 
although there are especially no wire size and number of a wick 3 what is limited 
[ many ] It becomes the cause of the badness of a starting performance, or the 
muddy stream of shaft orientations by which many heating values are needed for 
evaporation, the channel depth of 0.12mm of the groove wick 2 since it becomes a 
heat pipe with big thermal resistance thru/or 0.1 7, average width of face of 0.1 mm 
of a slot, or 0.2mm — receiving — a line — the property which was excellent 
when a wick was set to 0.1mm of wire sizes and 0.6mm was shown, and ****** 
was confirmed, a line — as for what has the thin wire size of a wick 3, it is best 
that a thick thing is used in a several bundle on a single track. 
[0029] Next, the processing approach which arranges the above-mentioned linear 
auxiliary wick 3 inside [ both ] the flat-like heat pipe 100 is explained. Although the 
flat-like heat pipe 100 will be completed if processing as a heat pipe is carried out 
after processing the linear auxiliary wick 3 after carrying out flat processing of the 
container 1 which has the groove wick 2 like drawing 1 as the general-purpose 
processing approach in the shape of [ which is shown in drawing 5 ] a deformation 
closed loop and inserting it the line by the troublesomeness of throwing the 
container of various configurations other than the shape of a round head into a 
heat pipe production process, and bending after flat-like heat pipe 100 completion 
— the problem of a location gap of a wick 3 is not escaped. 
[0030] Then, drawing 2 shows how to fix the linear auxiliary wick 3 to the 
container 1 which has the groove wick 2 as the means about the processing 
approach of a heat pipe of having the linear auxiliary wick 3 to which the 
processing approach of this invention is equal to bending or flat processing after 



completion of a heat pipe. 

[0031] the interior of the container 1 which has the groove wick 2 with an outer 
diameter of 5mm in drawing 2 — the core 10 with [ in a cross section ] slot 1 1 to 
an ellipse — the line of drawing 5 — pressing the press jigs 20 and 21 in contact 
with the location which inserts where a wick 3 is held up and down, and faces the 
above-mentioned slot 11 — a line — a wick 3 is fixed by biting into the slot 4 of 
the groove wick 2, as shown in drawing 3 . 

[0032] Then, if a core 10 is extracted from a container 1, the container 1 of an 
ellipse-like cross section will be obtained slightly [ drawing 4 ]. It is not necessary 
to say and a cross section with little deformation is obtained because the variation 
of tolerance of the appearance of the above-mentioned core 10 and a container 
bore seldom takes, while it has been the configuration of this container, the 
interior is decompressed, a working fluid is enclosed, and a heat pipe 200 is 
completed. 

[0033] although bending is performed for the heat pipe 200 of the ****-like cross 
section shown by drawing 6 which carried out [ above-mentioned ] completion to 
arbitration by customer demand — a line — without it mistakes the direction 
flattened from the fixed position of a wick 3 being a direction where press marks 
remain — being processible — moreover, a line — a wick 3 can perform bending, 
where the condition of having been fixed to the container 1 is maintained. 
[0034] Next, the flat-like heat pipe 100 of a customer's demand configuration is 
completed by performing press working of sheet metal to the flat cross section 
shown in drawing 7 in the heat pipe 200 which carried out bending of drawing 6 . in 
addition, the appearance shown in drawing 8 when the ellipticity of this flat 
processing is large and a line — the slot 4 of the groove wick 2 of the flat side 
face which bites a wick 3 is narrowed by flat processing from usual — a line — 
although a wick 3 bites and it drops out of the lump slot 4 — a line — since it is 
made the shape of a closed loop as the configuration before insertion of a wick 3 
indicated to be by drawing 5 etc. — a near side face — since — it does not move 
greatly 

[0035] the above and a line — a setup of which a wick 3 drops out is desirable in 
order that the perimeter may work effectively as a wick function, or [ in addition, / 
whether it drops out or / not carrying out ] — the flute width of the groove wick 2, 
and a line — it can choose at the relation and the rate of flattening of a wire size 
of a wick 3. Moreover, there is the approach of welding partially as other fixed 
approaches etc. 
[0036] 

[Effect of the Invention] as mentioned above, the general-purpose container which 
has a groove wick for the thin heat pipes various for implementation of a demand 
of the formation of thin lightweight which carried out bending while securing heat 
transport capacity according to this invention, as explained in full detail — a line - 
- it can provide by the cheap and easy approach, without changing the processing 
approach of the conventional heat pipe by carrying out additional arrangement of 
the wick 3 in a specific part. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the flat-like heat pipe of the example of this 
invention is shown. 

[Drawing 2] The processing approach of the heat pipe of this invention is shown. 
[Drawing 3] The partial enlarged drawing of the slot at the time of a container 
press and an auxiliary wick is shown. 

[Drawing 4] The condition of the container after the stroke of drawing 2 is shown. 

[Drawing 5] The side elevation of an auxiliary wick is shown. 

[Drawing 6] The initial final drawing of the heat pipe of this invention is shown. 

[Drawing 7] The final drawing of the heat pipe of this invention is shown. 

[Drawing 8] The partial enlarged drawing of the groove wick of this invention is 

shown. 

[Description of Notations] 

In drawing, the same sign shows the same or a considerable part. 

1 Container 

2 Groove Wick 

3 Auxiliary Wick 

4 Slot 

1 0 Core 

11 Slot 

20 21 Press fixture 
100,200 Flat-like heat pipe 
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